Ischaemia/reperfusion (I/R) lung injury using University of Wisconsin solution (UW) as perfusate has not been well studied. Isolated rat lungs were challenged with various periods of ischaemia and/or reperfusion. Haemodynamics, lung weight gain (LWG), capillary filtration coefficient (K fc ), tissue pathology, the concentrations of cytokines in the perfusate, and mRNAs for the various cytokines in the lung tissues were measured. I/R induced a permeability type of pulmonary oedema, as reflected by increases in LWG and K fc . LWG and K fc in the I 45 R 60 (UW) group (45 min of ischaemia followed by 60 min of reperfusion with UW) were only 2 % and 5 % respectively of those in the I 45 R 60 (NS) group (where NS is normal saline). LWG and K fc in the UW group had both increased by 180 min, to values similar to those in the I 45 R 60 (NS) group. However, these findings show that UW was remarkably effective at preventing LWG after 60 min of reperfusion, and was more than 3-fold more effective than NS in delaying LWG. For longer ischaemic times only, or the same period of ischaemia followed by longer reperfusion periods, greater lung injury occurred. I/R lung injury also induced increased concentrations of tumour necrosis factor-α (TNF-α), interleukin 1 and interleukin 6 in the perfusate, and increased the mRNAs for these cytokines in lung tissue. A significant correlation was obtained between TNF-α concentration and LWG. TNF-α production in the I 45 R 60 (UW) group was only 7 % of that in the I 45 R 60 (NS) group. However, TNF-α mRNA expression in the I 45 R 60 (UW) group was 80 % of that in the I 45 R 60 (NS) group. This indicates that transcription/translation do not correlate well with cytokine production, and also suggests that one reason for the effectiveness of UW in delaying LWG may be because it delays TNF-α production. In summary, ischaemia or I/R caused a permeability-type pulmonary oedema that was associated with leucocyte infiltration and the up-regulation of various cytokines, regardless of the perfusion fluid. Except for pulmonary hypertension, less severe I/R lung injury and delayed cytokine production in lungs perfused with UW, the pattern of injury associated with I/R challenge was similar to that in lungs perfused with NS. We propose that more or long-acting protective agents are required as additives in order to modify UW to produce an optimal preservation solution.
INTRODUCTION
It is well known that the lung preservation techniques currently used in clinical settings provide reliable preservation of human lung allografts for only around 6 h [1, 2] . This is probably due to the development of ischaemia\reperfusion (I\R) endothelial injury [3, 4] . Decreases in I\R lung injury would greatly improve early lung function after transplantation, and allow more lungs to be used for transplantation. University of Wisconsin solution (UW) was developed by Wahlberg and colleagues in 1986, and has been used successfully to preserve the functions of the heart, pancreas, kidney, liver and lungs prior to transplantation [5, 6] . Our previous studies have shown that UW only partially attenuates I\R lung injury [7] . However, careful characterization of I\R lung injury using UW has not been carried out. Furthermore, no study to date has evaluated the cytokines released or the pathophysiological changes that occur in lungs challenged with I\R lung injury when either UW or normal saline (NS) is used as the perfusate.
The mechanisms of lung injury following ischaemia or I\R have not been positively identified. One mechanism that has been proposed is that hypoxia and\or reperfusion activates macrophages to release pro-inflammatory cytokines [7] [8] [9] [10] [11] [12] [13] . These cytokines mediate the adherence of polymorphonuclear neutrophils to endothelial cells, where they release oxygen radicals, and promote the complex phenomenon that results in endothelial barrier injury and the infiltration of polymorphonuclear neutrophils into both the interstitium and the alveoli [14] [15] [16] [17] . Additional inflammatory cells that are necessary for I\R injury are also known to be recruited into the interstitial spaces and alveoli following these initiating sequences [18] . Oxygen-derived free radicals, proteases, cytokines, eicosanoids, complement activation products, platelet-activating factor and nitric oxide are also involved as signalling and effector molecules associated with lung endothelial damage that occurs using different perfusates [19] . Currently, it is not clear which cytokines are released during ischaemia or I\R lung injury when UW is used as the lung perfusate, as compared with lungs perfused with saline\albumin or blood. Furthermore, no data are available on the haemodynamics, pathology or cytokine production that occur at various times in lungs subjected to either ischaemia alone or to I\R using NS or UW as the perfusate.
In the present study, isolated lungs were perfused with either UW or NS perfusate and challenged with different time periods of ischaemia, or ischaemia followed by reperfusion. Pathophysiological changes, up-regulation of various cytokine mRNAs in lung tissue and cytokine concentrations in perfusates were examined to evaluate which cytokines are up-regulated at different times following ischaemia or I\R lung endothelial injury.
METHODS

Preparation of isolated and perfused rat lungs
The isolated and perfused lung used in our in situ I\R model has been described in detail previously [7, [20] [21] [22] . Briefly, male Sprague-Dawley rats weighing 250-350 g were anaesthetized intraperitoneally with sodium pentobarbital (20-25 mg) . A tracheotomy was performed and ventilation was administered using a Harvard rodent ventilator (Model 683 ; Harvard Apparatus, South Natick, MA, U.S.A.) at 55 breaths\min, a tidal volume of 2.5 ml and a positive end-expiratory pressure of 2 cmH # O. The inspired gas used contained 5 % CO # and 95 % air. After a median sternotomy was performed, heparin (1 unit\g) was injected into the right ventricle, and blood was withdrawn from the right ventricle and discarded. A cannula was placed into the pulmonary artery through a puncture into the right ventricle, and a tight ligature was placed around the main trunk of the pulmonary artery. A large catheter was inserted into the left atrium through the left ventricle and mitral valve and fixed by a ligature at the apex of the heart, and pulmonary venous outflow was diverted into a reservoir. A third ligature was placed above the atrio-ventricular junction to prevent perfusate flow back into the ventricles. The lungs were perfused with the chosen perfusate using a peristaltic pump (Minipulse 2 ; Gilson Medical Electronic, Middleton, WI, U.S.A.) at a constant flow rate of 0.03 ml:min −" :g −" body weight. An initial 75 ml of perfusate that contained residual blood cells and plasma was discarded. Then 25 ml of perfusate was recirculated in the lung. Pulmonary artery pressure (P pa ) and pulmonary venous pressure (P pv ) were monitored continuously with pressure transducers (P23 ID ; Statham, Oxford, CA, U.S.A.) from a side-arm of inflow and outflow cannulas, and pressures were recorded on a polygraph (Gould Instruments, Cleveland, OH, U.S.A.). P pv was set at 2.5 mmHg by adjusting the height of the venous outflow reservoir, and zone III flow conditions were maintained in all lungs (arterial venous alveolar pressure).
The isolated perfused lung remained in situ, and rat weight was monitored using an electronic balance and recorded continuously on an oscillograph after digitalto-analogue conversion. Any change in rat weight is due to changes in lung weight [7, [20] [21] [22] . Three initial criteria needed to be fulfilled if the isolated lung preparation was to be used for each experiment reported in this paper : (1) no leakage occurred at a cannula site, (2) no oedema was present, and (3) the lung was capable of attaining an isogravimetric state, i.e. a condition in which it was neither gaining nor losing weight.
Perfusates
Two different solutions were evaluated for their effects on I\R injury : (1) NaCl of normal osmolarity (NS) : a saline solution containing 9.0 g\l NaCl (Na + 154.0 mmol\1; Cl − 154.0 mmol\1) ; and (2) Determination of pulmonary capillary pressure (P pc ) P pc was measured using the double-occlusion method [23, 24] . When arterial inflow and venous outflow lines are occluded simultaneously, the equilibrium P pa and P pv values are measured. This equilibration pressure has been shown to reflect the prevailing P pc in both normal and damaged lungs.
Calculation of pulmonary vascular resistance
Pulmonary arterial resistance (R a ) and pulmonary venous resistance (R v ) were calculated using the equations R a l (P pa kP pc )\θ 0 , and R v l (P pc kP pv )\θ 0 respectively, where θ 0 is perfusate flow.
Measurement of microvascular permeability
The pulmonary capillary filtration coefficient (K fc ) has been used extensively as an index of microvascular permeability in many published studies [25] . K fc was measured using methods described previously [7, [20] [21] [22] [23] . Briefly, after an isogravimetric state was attained in the lungs, P pv was elevated rapidly by 6-8 cmH # O for 15 min, and the increase in lung weight was recorded. The recording shows a characteristic rapid weight gain (vascular filling), which is then followed by a lower rate of weight gain. The low rate of weight gain (∆W\∆t) occurring during the subsequent 6-14 min was analysed using linear regression of the log "! -transformed rates of weight change calculated for each 1 min interval. The initial rate of weight gain was then determined by extrapolation of ∆W\∆t to t l 0. K fc was then calculated by dividing ∆W\∆t obtained at t l 0 by the change in P pc that was imposed following the elevation of venous outflow pressure. The K fc value was then normalized using the baseline wet lung weight, and expressed as ml:min −" :cmH # O −" :100 g −" lung tissue.
Experimental protocols
Acute lung injury was induced using different periods of ischaemia of either 45, 120 or 180 min alone, or a period of ischaemia (45 min) and followed by 60, 120 or 180 min of reperfusion, with either NS or UW being used as the perfusate. Experiments were divided into nine groups : Because the isolated lung cannot tolerate NS for more than 60 min, only a 60 min reperfusion was used with NS. UW is a preservation solution that allows toleration of ischaemia, and therefore only an 180 min ischaemic period was used with UW.
The isolated lungs were perfused with one of the above perfusates and challenged by using the various ischaemic periods alone or by 45 min of ischaemia followed by different periods of reperfusion. The experiment was initiated after haemodynamics had been stable for 15 min. The protocols of I\R injury challenge were as follows. For ischaemia alone, the isolated lung was not ventilated or perfused for different time periods (45, 120 or 180 min). For I\R, 45 min of ischaemia was followed by re-institution of ventilation and perfusion for 60, 120 or 180 min at room temperature.
Cytokine assays
Samples of 10 ml of perfusate were collected and concentrated 10-fold through a microconcentrator (Centricon 10 ; Amicon, Danvers, MA, U.S.A.). Cytokine concentrations were determined by ELISA (Genzyme, Cambridge, MA, U.S.A.). All analysis procedures have been described previously by us [7] .
Determination of cytokine gene expression in lung tissue (extraction of RNA)
The procedure used to evaluate cytokine gene expression was similar to that described previously [26] . The left lung was harvested and separated longitudinally from the apex to the base into two parts of approximately the same weight. Lung tissue samples were homogenized in 5 ml of TRIzol reagent (total RNA solution reagent ; Gibco BRL) by cutting the tissue into small pieces and sonication (Micro Ultrasonic Cell Disrupter ; Knotes). The homogenized samples were then incubated for 5 min at room temperature to permit the complete dissociation of nucleoprotein complexes. Next, 1 ml of chloroform was added to the tubes, which were shaken vigorously by hand for 15 s and then incubated at room temperature for 2-3 min. The samples were centrifuged at 1200 g for Table 1 Sequences of oligonucleotide primers used for PCR amplification of cytokine mRNAs Also shown are predicted product sizes, and the sequences of the internal oligonucleotide probes used for Southern blot analysis of amplified products. GAPDH, glyceraldehyde-3-phosphate dehydrogenase. 15 min at 4 mC. A 3 ml portion of the aqueous phase (RNA remainder) was collected and transferred into a fresh tube. A total of 2.5 ml of isopropyl alcohol was added to the tubes, followed by thorough mixing to precipitate the RNA. The supernatant was then removed, and the RNA pellet was washed once with 5 ml of 75 % (v\v) ethanol. The samples were mixed well and then centrifuged at 7500 g for 5 min at 4 mC. The RNA pellet was then air-dried for 5 min, 50 µl of diethyl pyrocarbonate (Sigma, St. Louis, MO, U.S.A.)-treated distilled water was added and the RNA pellet was dissolved completely for cDNA synthesis. The first-strand cDNA of the cytokine was synthesized using the RT SuperScript4 Preamplication System (Life Technologies). Briefly, 1 µl of oligo(dT) was added with diethyl pyrocarbonate-treated water to a volume of 12 µl. Each sample was incubated at 70 mC for 10 min to denature the RNA structure, and then incubated for an additional 10 min on ice. Next, 7 µl of reaction mixture (2 µl of 10iPCR buffer, 2 µl of 25 mM MgCl # , 1 µl of 10 mM dNTP mix and 2 µl of 0.1 M DTT) was added to each RNA\primer mixture, followed by gentle mixing and collection by brief centrifugation. Then 1 µl (200 units) of RT SuperScript4 was added to each tube, followed by mixing and incubation at 42 mC for 50 min. These reactions were terminated at 70 mC for 15 min and then chilled on ice. The reactions were collected by brief centrifugation, 1 µl of RNase H was added to each tube, and the tubes were incubated for 20 min at 37 mC.
Amplification of target cDNA
A sample of 2 µl of the first-strand cDNA obtained was amplified directly using PCR, as described by Saiki and colleagues [27] . The DNA was then subjected to cycles of denaturation at 94 mC for 45 s, annealing at 60 mC for 45 s and extension at 72 mC for 1.5 min. The reaction was initiated by adding 2 units of Taq DNA polymerase, after which 35 cycles were carried out, followed by a final step at 72 mC for 10 min. The DNA thermal cycler and Taq DNA polymerase were purchased from Perkin-Elmer Cetus. Interleukin 1α (IL1-α), IL1-β, IL2, IL6, tumour necrosis factor-α (TNF-α) and interferon-γ (IFN-γ) primer sequences are shown in Table 1 [28] .
DNA quantification
The blots were quantified using a computing densitometer (Kodak Digital Science ; EDAS 120 System). The densitometry ratios with respect to the housekeeping gene glyceraldehyde-3-phosphate dehydrogenase were demonstrated to represent the amount of gene expression [20] .
Lung histopathology
After each experiment, the middle lobes of the right lungs were dissected and immediately fixed in 10 % (v\v) neutral buffered formalin. After fixation, the right middle lobes were dehydrated through a graded series of alcohol, cleared in xylene, and then embedded in paraffin. All sections were cut at 5 µm and stained with haematoxylin\ osin. The severity of perivascular, peribronchial, septal and alveolar oedema, and of perivascular, interstitial and alveolar cell infiltration, were examined by a score system. We developed the score method to measure the severity of acute lung injury, as follows : perivascular oedema l 1 ; peribronchial oedema l 2 ; interstitial oedema l 2; alveolar oedema l 3 ; perivascular cell infiltrationl 2; interstitial cell infiltration l 3 ; alveolar cell infiltration l 4. A total of 20 scope views were examined for each lung tisssue. The sum of all the pathological scores was the score for each scope, and then we calculated the mean score of 20 scopes as the injury score for this lung tissue. Blind reviews were carried out by two pathologists, and the mean of these two scores was taken as the final score.
Statistical analysis
Values are expressed as meanspSD. Comparisons among all groups for a given variable were carried out using oneway ANOVA and the Dunnett method of post hoc testing. Comparisons between baseline and post-reperfusion values within each group for given variables were performed using Student's paired t-test. A P value of 0.05 was considered to represent a statistically significant difference. (Table 2 ). The K fc of the I %& R ")! (UW) group was also significantly higher than that of the I %& R '! (UW) group. These results indicate that perfusion with UW lessens the degree of rat lung injury caused by I\R. Also of importance is the finding that a greater degree of lung injury occurred in I\R UW groups with longer reperfusion periods, but this never attained the same extent of change in K fc measured in the I\R NS group of 2.12 ml:min −" :cmH # O −" :100 g −" . (Table 3) . This indicates that perfusion with UW before I\R produced an elevation in pulmonary vascular resistance. However, after I\R injury, P pa , P pc , R a and R v values in the I %& R '! (NS) group were significantly higher than baseline values, and also higher than values in the I %& R '! (UW), I
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%& R "#! (UW) and I %& R ")! (UW) groups, which remained unchanged from baseline ( Table 3) .
Expression of cytokine mRNAs
IL1-α
The expression of IL1-α mRNA in the I "#! (NS) and I ")! (NS) groups was significantly higher than in the control group, indicating that ischaemic injury induced increased expression of IL1-α mRNA (Table 4) 
IL1-β
The expression of IL1-β mRNA in the I 
IL6
The expression of IL6 mRNA in the I "#! (NS), I ")! (NS) and I ")! (UW) groups was significantly higher than in the control group, which indicates that ischaemia alone induced increased expression of IL6 mRNA ( Table 4 ). The expression of IL6 mRNA in the I %& R '! (NS) and I
%&
R "#! (UW) groups was significantly higher than in the control group, indicating that the increased reperfusion times produced greater increments in the expression of IL6 mRNA.
TNF-α
The expression of TNF-α mRNA in the I
%& (NS), I
"#! %& R ")! (UW) groups was significantly higher than that in the control group (Table 4) . This indicates that both ischaemia and I\R induce the expression of TNF-α mRNA.
IFN-γ
The expression of IFN-γ mRNA in the I ")! (UW) group was significantly higher than that in the control group and that in the I ")! (NS) group (Table 4) . The expression of IFN-γ mRNA in the I %& R ")! (UW) group was significantly higher than that in the control group and that in the I %& R "#! (UW) group. These data indicate that ischaemia and lengthy reperfusion increased IFN-γ mRNA levels in UW-perfused lungs.
Cytokine levels in the perfusate
TNF-α
The perfusate TNF-α concentration of the I %& R ")! (UW) group was significantly higher than that of the I %& R '! (UW) group (Table 5 ). The TNF-α concentration Ischaemic/reperfusion lung injuries with University of Wisconsin solution as perfusate
Figure 1 Correlation between LWG and TNF-α levels
A high correlation was measured between LWG and TNF-α (r l 0.84).
was also lower in the I %& R '! (UW) and I %& R "#! (UW) groups than in the I %& R '! (NS) group, indicating that UW decreased TNF-α release as compared with NS. Importantly, a significant correlation was found be- (Table 5) . However TNF-α mRNA expression in the I %& R '! (UW) group was 80 % of that in the I %& R '! (NS) group (Table 4) . This shows that transcription\translation do not correlate well with cytokine production, and the results also indicate that one reason for the effectiveness of UW in delaying LWG may be because of its inhibition of TNF-α production.
IL1-β
Although IL1-β was present in the perfusate, because of its very low concentrations and variability, the changes did not attain a statistically significant difference compared with controls. However, IL1-β levels appeared to be increased above control values in all conditions for both perfusates (Table 5 ).
IL6
IL6 levels in the perfusate of the I
(UW) groups were significantly greater than in that of the control group, and UW also attenuated the release of IL6 (Table 5) .
Pathological findings
The histological findings following ischaemic or I\R lung injury showed perivascular oedema, focally marked intraalveolar haemorrhage, proteinous exudate, interstitial leucocytic infiltrate and intra-alveolar debris, including macrophages and pneumonocytes (some findings are shown in Figure 2 ). The severity of these findings increased with ischaemia and reperfusion time (Table 6) .
DISCUSSION
The present study shows clearly that I\R lung injury increases capillary permeability, as reflected by increases in K fc and the formation of pulmonary oedema, consistent with previous findings [7, [20] [21] [22] . Our results showed that LWG in the I (NS) group ; however, these findings show that UW is remarkably effective at preventing LWG after 45 min of ischaemia followed by 60 min of reperfusion. Based on our previous study [25] showing that macromolecules (pentastarch) produce partial attenuation of oedema formation in I\R lung injury, and other studies [29] [30] [31] also showing that UW has a protective effect against pulmonary oedema, it was concluded that macromolecules limit oedema formation, but other constituents of UW also appear to reduce oedema formation. After I\R challenge, the groups with NS as the perfusate showed significantly higher values for P pa , P pc , R a and R v than baseline, but no significant vascular changes occurred in similar groups when UW was used as perfusate. However, higher baseline values for P pa were found in the UW than in the NS groups. Since UW contains a high potassium concentration (125 mmol\l), it is possible that the high K + produced an increased peripheral vascular resistance during the pulmonary arterial flush. It is well known that high extracellular potassium concentrations depolarize smooth muscle cell membranes, causing smooth muscle contraction. Clinically, UW would be improved if it contained vasodilators, such as prostaglandin E " , which would prevent the initial pulmonary hypertension associated with using this perfusate.
Perivascular oedema, intra-alveolar haemorrhage, proteinous exudate, and interstitial and intra-alveolar leucocytic infiltrates were present in I\R lung injury. These findings are consistent with our previous studies showing that lung injury is characterized by permeability pulmonary oedema associated with endothelial barrier damage and leucocyte accumulation [7, [20] [21] [22] . Furthermore, longer periods of ischaemia or reperfusion produced greater lung injury, as determined by larger values of LWG and K fc . Our findings also indicate that leucocytes are necessary for producing the early phase of I\R lung injury. In contrast, Deeb and colleagues [32] postulated that rat lung injury occurred in the absence of circulating blood elements, since the damage occurred when ischaemic lungs were reperfused with physiological salt solution. However, Seibert and associates [33] have shown clearly that isolated, buffer-perfused rat lungs are not free of endogenous leucocytes, and that leucocytes are present in sufficient numbers in the perfusate to produce endothelial injury. In our present experiments, we did not evaluate the number of leucocytes in the perfusates after flushing blood out of the pulmonary circulation and then perfusing with NS or UW. However, our pathological studies found leucocyte infiltration in the interstitial and alveolar spaces, which indicates that leucocytes are present in our perfusates, supporting the earlier findings of Seibert et al. [33] . There is also other evidence suggesting that neutrophils contribute to I\R lung injury : (1) neutrophil depletion greatly attenuates post-ischaemic cellular dysfunction in many organs [34] ; (2) agents that prevent neutrophil activation or accumulation in reperfused tissue reduce I\R tissue injury [34] ; and (3) immunoneutralization of neutrophil adhesion molecules with specific antibodies is very effective in preventing I\R-induced neutrophil sequestration and increased microvascular permeability [34] . In addition, Moore and colleagues [35] showed that oxygen radicals are generated by the xanthine oxidase system in neutrophils that are sequestered and activated in the I\R pulmonary tissue. This system is up-regulated by ischaemia and\or activated neutrophils. These findings indicate that leucocytes play a major role in I\R-induced microvascular injury. Interestingly, our present study shows that leucocyte infiltration also occurred in the groups with UW as perfusate. In our previous studies, steroid additives attenuated I\R injury on perfusion with UW [7, 20] , suggesting that selective additives to UW, such as steroids and other anti-inflammatory agents, may promote greater suppression of leucocyte activation and recruitment by this preservation solution.
In I\R injury of the rat hind limb, levels of TNF-α, IL1 and IL6 were shown to be increased significantly [36] . Hind-limb skeletal muscle injury, as well as secondary types of remote pulmonary injury, require TNF-α and IL1 [14] . Also, in the gastrointestinal tract, TNF-α and IL6 release are increased in rats subjected to haemorrhagic shock [37] , and IL1-β mRNA induction has also been reported in experimental models of brain and retinal ischaemia [38, 39] . During reperfusion following hindlimb ischaemia, increased circulating levels of TNF-α, IL1 and IL6 were found in plasma [36] . In addition, Herskowitz and colleagues [28] showed up-regulation of several cytokines (TNF-α, IL1-β, IL2, IL6 and IFN-γ) using the mRNA expression technique in I\R injury of myocardium. Although cytokines have been evaluated in I\R injury in many organs, relatively little is known about the time course of the release of these signalling molecules in I\R lung injury. To investigate the involvement of cytokines in ischaemic or I\R lung injury, we examined cytokine gene expression using semiquantitative PCR. Our studies demonstrate clearly that there was almost no expression of cytokine mRNAs in normal lung tissue, but that both IL1 and TNF-α are required for I\R lung injury [7, 26] . The present study is the first to demonstrate that ischaemic or I\R injury of differing severity regulated gene expression in lung tissue and increased the concentrations of various proinflammatory cytokines in the perfusate. In I\R lung injury, significant increases in mRNAs for TNF-α, IL1-β and IL6 were observed after only 45 min of ischaemia. Furthermore, elevated concentrations of these cytokines were found in the perfusates and lavage fluid in I\R lung injury. These findings indicate that the transcription and translation of genes encoding proinflammatory cytokines increases during ischaemic or I\R lung injury. Among these cytokines, a significant correlation was shown between TNF-α levels and LWG. The lack of a significant correlation between IL1-β or IL6 and LWG indicates that TNF-α is a more selective indicator of lung injury. The up-regulation of cytokine (TNF-α, IL1-α, IL1-β, IL6 and IFN-γ) mRNAs in I\R lung injury observed in the present study is similar to that shown previously in the myocardium [28] and in our previous studies on I\R acute lung injury [26] . However, no up-regulation of IL2 mRNA expression was found in our present study, which differs from results from myocardium I\R studies [28] .
In our present experiments, the up-regulation of mRNAs for IL1, IL6, TNF-α and IFN-γ occurred both during lung ischaemia and after reperfusion. We suggest that a variety of excitatory and inhibitory cytokines act via a ' yin or yang ' system that involves the regulation of macrophages and neutrophils in the inflammation of lung injury. Interestingly, our study also shows that upregulation of IL1, IL6 and TNF-α occurred in I\R injury when using UW perfusate. Furthermore, transcription\ translation do not correlate well with cytokine production. One reason for the effectiveness of UW in delaying LWG may be because of its inhibition of TNF-α production. Our recent study showed that an anti-TNF-α antibody provided protection against I\R injury when using UW [22] , and Khimenko et al. [24] showed similar results with a saline perfusate. Thus UW would represent a better preservation solution if antibodies to various cytokines were added to neutralize these cytokines. In addition, other anti-inflammatory agents, such as steroids, could be added to UW in order to suppress the production of pro-inflammatory cytokines in I\R associated with transplantation and storage. Based on all of our studies [7, [20] [21] [22] , we propose that UW would be a more effective agent if additional anti-inflammatory compounds were added to suppress pulmonary hypertension, leucocyte activation and cytokine up-regulation.
